Abstract-In this paper we propose a bistatic model for electromagnetic scattering from a Gaussian rough surface with small to moderate heights. It is based on the integral equation formulation where the spectral representations of the Green's function and its gradient are in complete forms, a general approach similar to those used in the advanced integral equation model (AIEM) and the integral equation model for second-order multiple scattering (IEM2M). Yet this new model can be regarded as an extension to these two models on two accounts: first it has made fewer and less restrictive assumptions in evaluating the complementary scattering coefficient for single scattering, and second it contains a more rigorous analysis by the inclusion of the error function related terms for the cross and complementary scattering coefficients, which stems from the absolute phase term in the spectral representation of the Green's function. It is expected that our result for complementary scattering coefficient is more accurate and more general, even when the effect of the error function related terms is neglected. As a result, the proposed model is expected to have wider applicability with a better accuracy. The validity of this extended bistatic scattering model is demonstrated through the excellent agreements between model predictions and measurement data. However, there are some technical subtleties in connection with the restoration of the full Green's function that have not been adequately reflected in these models. For example, in evaluating the average scattered complementary field over height deviation z, a split of the domain of integration into two semi-infinite ones is required due to the absolute phase term present in the spectral representation of the Green's function. This operation will lead to an expression containing the error function. Inclusion of the error function related terms is also encountered when one evaluates the incoherent powers that involve the scattered complementary field. Thus, a complete expression for the cross scattering coefficient or for the complementary scattering coefficient should have two parts: one does not contain the error function and the other includes its effect. The latter can be regarded as a correction term and an analysis of its effect is desirable. Roughly speaking, for the case where both the media above and below the rough surface are lossless, it can be shown that the correction term vanishes for the cross scattering coefficient, but not for the complementary scattering coefficient; for the case where either medium is of lossy nature, the correction term due to this lossy medium will contribute to both the cross and complementary scattering coefficients. Inclusion of the correction terms associated with the error function and an according discussion of their effect, to the best knowledge of the authors, are still missing in the literature. Supplement of this information forms one of the two contributions of the present work. The other contribution is a new treatment of the complementary incoherent power, where fewer and less restrictive assumptions are made than previous work.
The original IEM model [1] which used simplified surface current estimate has shown to provide good predictions for forward and backward scattering coefficients. Concerns over the assumptions have prompted several modifications and variations of IEM in the literature. Regarding the spectral representation of the Green's function, the simplification was discarded and full form was restored, resulting in a modification to the complementary components. The resulting model is the so called improved IEM model (I-IEM) [2] . Additional restoration of the spectral representation of the gradient of the Green's function in its full form leads to the advanced IEM model (AIEM) [3] and the IEM2M model [4] .
However, there are some technical subtleties in connection with the restoration of the full Green's function that have not been adequately reflected in these models. For example, in evaluating the average scattered complementary field over height deviation z, a split of the domain of integration into two semi-infinite ones is required due to the absolute phase term present in the spectral representation of the Green's function. This operation will lead to an expression containing the error function. Inclusion of the error function related terms is also encountered when one evaluates the incoherent powers that involve the scattered complementary field. Thus, a complete expression for the cross scattering coefficient or for the complementary scattering coefficient should have two parts: one does not contain the error function and the other includes its effect. The latter can be regarded as a correction term and an analysis of its effect is desirable. Roughly speaking, for the case where both the media above and below the rough surface are lossless, it can be shown that the correction term vanishes for the cross scattering coefficient, but not for the complementary scattering coefficient; for the case where either medium is of lossy nature, the correction term due to this lossy medium will contribute to both the cross and complementary scattering coefficients. Inclusion of the correction terms associated with the error function and an according discussion of their effect, to the best knowledge of the authors, are still missing in the literature. Supplement of this information forms one of the two contributions of the present work. The other contribution is a new treatment of the complementary incoherent power, where fewer and less restrictive assumptions are made than previous work.
In the analysis to follow immediately, we shall highlight the key development of our study, in particular on how the error function is introduced and how it is used in evaluating the bistatic scattering coefficient.
In calculating the Kirchhoff-complementary incoherent power, we need to evaluate the following quantity
where k sz and k z are the z-components of the scattered and incident wave vectors, respectively. q is the z-related term in the spectral representation of the Green's function. Now we introduce the transformation of variables, z = y1+y2 √ 2
and z = y1−y2 √ 2 to obtain the decoupling
where I F 1 involves integration over the variable y 1 while I F 2 involves integration over the variable y 2 which is expressed as
where σ is the rms height, ρ is the surface correlation function. The quantity I F 2 can be decomposed as
where
and
Carrying out the operation yields
and When the error function is ignored, our result for the scattering coefficient of the Kirchhoffcomplementary cross term is
After much algebra, we obtain the scattering coecient for the complementary term. The results, in both error function exclusive and error function inclusive forms, are quite complicated and lengthy and will not be reported here. The details will be provided in a follow-up paper. To validate the proposed EAIEM model, we compare its simulation results with measurement data for dielectric rough surfaces. The measurement data are taken from [6] where rough surfaces with Gaussian height and Gaussian power spectrum are concerned. The surface roughness parameters are correlation length L = 6 cm and rms height σ = 0.4 cm. Figs. 1-3 present the model predictions of EAIEM and IEM against the measurement data. It is seen that for all these three cases, the model predictions by EAIEM agree very well with the measurement data, and outperform that of IEM for certain scattering angles.
